[Electron-conformational interactions at the active site of reduced bacterial cytochrome P450cam induced by a substrate and analysis of the electron structure of heme].
Magnetic circular dichroism (MCD) spectra in the Soret region (360-480 nm) of camphor-free and camphor-bound reduced bacterial cytochrome P450cam from Pseudomonas putida were recorded and analysed in the temperature range from 2 K to 290 K. The temperature dependences of the MCD intensity are qualitatively changed by binding of substrate to the enzyme. In the absence of camphor the linear increase of the MCD intensity with 1/T at T < 4.2 K gives evidence for degeneracy or near degeneracy of the ground electronic state. In the presence of substrate the degeneracy is removed and temperature profiles show saturation behaviour at T < 4.2 K and wavelength dependence of their high-temperature parts. The temperature profiles for the long-wavelength region of the Soret band have a maximum approximately at 15 K, whereas the MCD intensity increases in a monotonous manner up to saturation in the short-wavelength region. The wavelength dependence of temperature profiles gives evidence for the co-existence of two different forms of substrate-bound reduced P450cam. The following conclusions were obtained from a theoretical analysis of the temperature profiles. In the absence of substrate there are very small if any rhombic distortions at the heme iron, and a parameter D of axial zero-field splitting is negative (D = -8.3 cm-1 and -6.2 cm-1 for P450cam and P450LM2, respectively). In the presence of substrate the two forms of reduced P450cam have positive parameters D but of different values (D1 = 12 cm-1 and D2 = 28 cm-1), and there are large rhombic distortions at the heme iron. More than two-fold difference between the D values made it possible to isolate temperature-dependent contributions of the two enzyme forms from the total MCD spectra and to simulate the alterations of the MCD spectra with temperature for reduced P450cam in the presence of substrate. Taking into account the drastic effect of substrate binding on the ground electronic state of reduced P450cam one can suggest that substrate binding induces the transition of enzyme from an inactive to an active state.